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Filamentary structure produced by an electric 
current in a plasma 


By H. ALFvEN 


With 1 figure in the text 


ABSTRACT 


It is shown that in a plasma at low pressure an electric field parallel to a magnetic field 
produces a current which is confined to a filament. Simple formulae are given for the cross- 
section of the filament and the current in it. 


In many parts of the universe we observe filamentary structures (e.g. promi- 
nences, corona filaments, filaments in interstellar clouds). It has been suggested 
long ago that such filaments may be connected with electric currents, which for 
some reason are contracted to line currents.! 

In order to investigate further whether the filamentary structures may have 
some connection with electric line currents, we shall discuss a very simple sta- 
tionary case, which seems not to have attracted very much attention so far. We 
assume that in a cylindrical coordinate system a uniform electric field H is applied 
parallel to the z-axis. Further we assume that all electric currents i(r) are sym- 
metric round the z-axis. There is also a magnetic field with a y component pro- 
duced by the currents and a z component, H,, which is in part due to an applied 
uniform field, H,, in part produced by the currents. We shall confine ourselves 
to the case when the mean free path A of all particles is much larger than the 
Larmor radius 9, which means that we take into consideration only currents 
parallel to the magnetic field (force free field). The electric parallel conductivity 
o is supposed to be constant. We find 


‘ H,=*= | i,rdr (1) 
Cr Jo 
4x, [". 
and H,=Hy-* | igh I, (2) 
0 


where H, denotes the field at the z-axis. 


1 H. Atrvin, Cosmical Electrodynamics, p. 157, 68 (Oxtord 1950), and Proc. Roy. Soc. Lon- 
don A, 233, 296, 1955. 
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We obtain from (1)-(6) 


4niy (" rdr : I kd a 
kr [cept ate eee 


We introduce as a length unit 


and put pre cee Ray AR . (9) 
1 (* «ada * kdx = er 
: r 2 a et " oe __ - Cl ie : , 10 
Then we have 3 | ra eet. 1c 1 | ( ) 


This integral equation has been solved numerically by Murty. Fig. 1 gives k, 
tz, tg, Hz, and H, as functions of 2x. 

As k increases rapidly with x, the magnetic field at large distances from the 
axis has almost exclusively a H, component, which means that the current goes 
towards zero. A magnetic field with a finite z-component in infinity is not com- 
patible with a finite value of H, (at the axis). 
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The whole magnetic flux ¢ -| #H,:2ardr can be written 
0 


o=ynb Hy, bia (11) 
where y is a constant: 


1 is 
= |. H,- 2ncdun 3... (12) 


Let us now suppose that we start with a magnetic field H, (in the z-direc- 
tion), which is uniform out to an infinitely conducting cylinder at r,>b. This 
means that we have a finite magnetic flux di=ani Ay at our disposal. If we 
apply an electric field in the z-direction, a current starts which finally reaches 
the stationary state which is depicted in Fig. 1. The stationary state is charac- 
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izec ie the fact that the whole flux, ¢,, is concentrated to a cylindrical fila- 
nt with a radius of the order: of 6. From (8) and (11) we obtain 


= 


d=yul’H, Ne aan ee | (13) 


_ Hence the properties of a filament are completely defined by the available 
flux ¢ and the maximum current density i, (the latter given by the conduc- 
tivity o and the electric field Z according to (6)). If we express Hy, 6, and J as 
functions of i, and ¢ we find: 


: 16a 3, \* 

j as vet 14 
aan a (3 a) OY 
: i 
Fe »=( de -) : (15) 
| : 40 y % 

p 
The total current which the filament carries is 
r= | i, 2ardr=x2b ty, (16) 
0 
_where x is a constant: 
ae i,2nadu~ 2.6. (17) 
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From (15) we obtain 
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